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Remote Sensing for Coastal Resource Managers:
An Overview

This report presents an overview of satellite-based re-
1 mote sensing technologies, and discusses their poten-

. tial as tools for assessing, managing, and protecting
II’ItI"Od UCtIOl’I coastal resources. While remote sensing has proven
useful in open ocean applications, it is an under uti-
lized, yet very promising, technology for use in coastal
regions. This overview focuses on the available sys-
tems, capabilities, and limitations of satellite-based
technologies because they can be cost-effective methods for collecting environmental data. Once in
service, satellites are usually a continuous source of information for many years, providing decade-scale
monitoring of natural and man-made changes in ecosystems. This document is intended to provide
coastal managers with sufficient detail to evaluate whether or not remote sensing can provide useful and
usable information concerning their specific coastal issues.

In addition, this overview is intended to be a ready reference for coastal resource managers and their
assistants who have heard or read that remote sentliegisswer. Many resource managers have not

had time to stay abreast of the rapidly developing technologies involved in remote sensing. Yet, they
find themselves in the position of needing to resolve specific environmental problems in regions which
are: difficult to gain physical access to; do not lend themselves well to conventional manual sampling
regimes; so large they cannot be plausibly studied within time constraints; or are in need of a change
analysis with no previous on-site sampling having been conducted.

The different classes of instruments employed in a variety of satellite systems are discussed in the
context of their application. Since most of these space-based sensors were not developed specifically to
replace traditional manual coastal environmental assessment techniques, they have design and physical
limitations for near shore applications. Additional limitations (such as whether or not they will be useful

on a cloudy day) are also discussed. The realities of obtaining and utilizing remotely sensed data are
reviewed. Since remote sensing and space science are highly technical arenas, they have generated their
own lexicon of acronyms, which are explained in the Glossary. Five appendices provide tabular sum-
maries of past, present, and proposed future space-borne environmental sensor systems.




The coasts are used by many individuals and industries for many different purposes, thus, the term
coastalhas many different meanings depending upon the intended use. For the purposes of this docu-
ment, the term coastal will be confined to include the waters adjacent to the coastline (mean high water
mark) out to where the open ocean processes dominate (usually the 200 meter isopleth). This definition
of coastalis meant to include estuaries, harbors, inlets, embayments, lakes, and swamps; but exclude
areas along the shoreline which are above the mean high water line.

4} Electromagnetic spectrum used for remote sensing

Generally, active and passive detectors in satellite-mounted instruments are sensitive to the optical
(0.4 - 0.7um), near-infrared (0.7 - 0.89m), infrared (0.9 - 121m), and microwave (0.3 - 30 cm)
portions of the electromagnetic spectrum. Within this range of the spectrum, data from the sengors
are used tdetecfour basic properties of the ocean: color, temperature, height, and roughness. Mgny

applications have been derived from the quantitative detection of these properties.

The images shown on the cover and in Figures 2-4 and 7-9 were produced from satellites with vigible
and thermal infrared optical sensors. Other remote sensing instruments provide information frpm
parts of the electromagnetic spectrum beyond the visible and thermal regions. Microwave insfru-
ments, such as Synthetic Aperture Radar (SAR), can be used to map oceanographic features includ-
ing ice fields, internal waves, fronts, eddies, and coastal habitats (Figure 9) in all weather conditigns.
The high-resolution SAR instrument has been used to detect oil spills, locate ships, monitor [the
topography in the ocean surface to detect changes in the coast, and map the bottom topography of
shallow water. When data from multiple sensors is integrated, the product (Figure 3) can provide
additional environmental detail, such as when sea heffybta altimetry) and temperatures (from
infrared detectors) afasedto study circulation dynamics.
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Remote sensings the science of gathering infor-
mation from a distance. Eyes and ears are remote
. sensing instruments. Vision is a form of optical re-
What 1S r‘emote mote sensing; listening is a form of acoustical remote
sensing. Remote sensing makes use of a wide variety
sen sing? of media and technologies: radar is a type of radio

energy remote sensing, and X-ray photography is a
form of high-energy remote sensing.

In the case of eyes and ears as remote sensing instruments they are passive detectors and rely upon other
phenomena to supply the energy (room light or a car horn). In contrast, radar and sonar actively broad-
cast their own energy source and derive information from its reflection and scattering. Information is
produced by processing and interpreting the data arriving at the instruments.

Satellite remote sensing is used to obtain information about, and to take measurements of a place or
phenomenon without direct physical sampling. The desired end product of photogrammetry* and re-
mote sensing is scientifically valid, quantitative analyses derived from the data. A few of the environ-
mental products derived from satellite remote sensing include: descriptions of current weather condi-
tions; the status of wetlands habitat; coastal erosion processes; the location of oil spills; and the extent of
algal blooms.

Satellite imagery can be valuable for observing large expanses and/or inaccessible areas. Ocean features
such as large-scale circulation, currents, river outflow and water quality; can be visualized by highlight-
ing variations in water color and/or temperature. These observations can then be used for such activities
as ship routing, environmental monitoring of sensitive coastal zones, hazards assessment, and manage-
ment of fishing fleets. High-resolution coastal images can be used to analyze and map sediment trans-
port, bathymetry, erosion, and aquaculture applications; however, several of these are possible only
when the skies are clear.

Applications of remote sensing to
coastal management activities in-
clude infrared imagery to monitor
changes in vegetative habitat; data
on water temperature and color to
better understand fish and inverte-
brate distributions; and real-time at-
mospheric data for weather fore-
casting. Remote sensing techniques
are becoming increasingly cost-ef-
fective, given the rapid pace of in-
novation in computer technology,
information networks, and improve-
ments in sensing systems for satel-
lites.

Bemols Sensors View Eorlh

Figure 1. Depiction of how remote sensors view the Earth. Courtesy of
the U.S. Office of Technology Assessment.

* the science of making reliable measurements by the use of photographs and especially aerial photographs.




4 Some Remote Sensing Terms

Resolution:

® Spatial is the parameter which describes the correspondence between the size of the spot on the ground
viewed by each individual picture element (pixel) in the sensor on-board the spacecraft and is a function
of altitude, lens geometry, construction of the sensing array, etc. (a 1 km pixel may be useful for observ-
ing the location of the Gulf Stream, but would be of no use in distinguishing among the different physi-

cal habitats in a 2-4 km wide estuary).

® Temporal defines the number of repeat passes an imaging system may provide over the same loc
satellite which provides repeat coverage of every other day may be sufficient to follow processes
have time scales of days but will be of limited use in observing change events which occur over
few hours or during a tidal cycle).

ation (a
which
only a

® Radiometric is the number of data bits used to represent the intensity of the signal arriving at the sensor

(a 4 bit representation or 16 levels of the full range from full brightness to full darkness is much les
that in an 8 bit or 256 levels radiometric resolution instrument).

® Spectral is the description of the instrument in terms of the number of different wavelengths each

s than

sepa-

rate channel can detect and the width of each one of these (an 8 channel instrument with very wide

channels is much less useful than an instrument with many, very narrow channels).

Geostationary vs. Polar Orbiting: The concepts explained above are not independent of one another.
serving satellites in orbit around the earth are generally placed into either of two different types of orbit
traditional weather satellites as seen on TV are placed into an orbit such that, when viewed from the
looking up, they appear to be stationed above one place on the surface as a consequence of their

Ob-

S. The
ground
velocity

through space matching that of the rotation of the earth. Thus, these are called geostationary satellites and

have the advantage of being able to view one side of the planet continuously from their 39,000 km a
Geostationary satellites have very high temporal resolution and very wide viewing swath (one comple
of one side of the planet every few minutes) but their spatial resolution is very low by virtue of being s
above the planet and their spectral and radiometric resolution are usually quite low to ensure rap
transmission sufficient to identify rapidly moving storm fronts.

The other common orbital configuration for observing satellites is that referred to as Low Earth Or

titude.
e scan
0 high

id data

hiting

(LEO) and is most commonly employed in near-polar orbits (canted to pass just to the East or West of the

poles of the planet). While near-polar orbiting LEOs can view only a narrow swath as they speed b

y (low

temporal resolution), they are able to collect imagery from the entire planet by virtue of the earth ratating
underneath while the satellite collects non-repetitive imagery on succeeding passes. Near-polar arbiters,
being much closer to the earth (800 km altitude) than geostationary satellites, also tend to collect much

higher spatial resolution imagery.




<1 Ocean Color (instruments sensing the visible portion of the spectrum)

The colors of ocean and coastal waters provide inf¢-
mation as to their contents, and thus, their recent
tory and possible present productivity. Clear wat
do not contain much suspended material, such as
gae or silt; opaque, muddy waters indicate high cg:.:
centrations of suspended sediment; and bright gr
waters normally indicate dense concentrations of
gae, typically phytoplankton. These microscopic pla
are important because they constitute one of the Iqg-
est trophic levels of the marine food web, and are
volved in many geochemical processes including fix
tion of carbon and nitrogen.

The observed color of water results from many ph
nomena: among them, the reflection and absorpti 284 o0 L3 500 &40 T A

of sunlight off of phytoplankton, suspended mineral i S e

organic complexes, and dissolved organic and in@rg'ure 2. Ocean color image, Eastern Gulf of Mexico,

ganic materials. The narrow, visible portion of th@mbus-7 (CZCS)/Univ. of South Florida, March 1979.
electromagnetic spectrum is used to record ocean color

(Figure 2), which can be measured only during daylight hours in cloud-free conditions. The atmosphere
between the water and the sensor also affects the quality and quantity of light detected at the sensor. To
ensure accurate calibration of the numbers from the remote sensor, it is hecessary to obtairifrequent,
situ measurements of the waters being rematedasured

Typical coastal applications of ocean color monitoring include quantitative estimates of riverine input
into estuaries, coastal erosion (the magnitude and direction of sediment transport), and the location and
extent of human impacts on the marine environment. However, the geographic scale of coastal events is
often so small that the spatial resolution and/or radiometric sensitivity of current space-based sensors
are of minimal utility to coastal resource managers. In the near future, sensors such as SeaWiFS on
SEASTAR, MOS on PRIRODA, and OCTS and POLDER on ADEOS should provide sufficiently fine
detail to permit the location of algal blooms, including toxic red tides, fish stocks (because many
planktivorous fish aggregate near the food sources), and ocean fronts and eddies (see Table 1 for sensors
and applications).

<1 Coastal Regions

Coastlines (ocean, lake, river) vary widely in their geomorphology, biota, and hydrology and thus, the
precise definition o€oastaldepends upon the phenomena under evaluation and the region of observation.
Applications of coastal remote sensing are discussed throughout this document and the resolution of various
sensing systems is rated relative to its applicability for specific tasks. For example, 4 km spatial resolution
remote sensing system can be adequate for imaging storms moving across the middle of North America, but
are of little use in discerning details of the Florida Keys (most of which are less than 1 km wide). The need
to locate a 500 m long oil spill requires finer resolution imaging systems than ones following meanders of
the Gulf Stream (found off the East Coast of North America) .




4 sea Surface Temperatures (infrared, microwave)

The surface temperature of ocean and coastal waters may provide information as to the waters’ origins
and recent history. Waters upwelled from great depths are cold, nutrient-rich, and clearer than the sur-
rounding water. Many of the world's major surface currents are warmer than the adjacent water masses.

In coastal areas, sea surface temperature (SST) measurements can locate coastal upwellings, fronts,
river outflows, and intrusions of water masses. Regional SST measurements are useful for identifying
the location and areal extent of major currents (e.g., Gulf Stream, Labrador Current) and their associated
eddies and meanders, and major upwelling events (e.g., Peruvian upwelling during non-El Nifio years).

The very narrow infrared portion of the electromagnetic spectrum is typically used for high-resolution
temperature observations, which can be made any time of day but only under cloud-free conditions.
Thermal infrared energy from the sun reflected off the water’s surface can lead to daytime interpreta-
tion problems. Passive microwave sensors can measure water surface temperatures through clouds,
although with a significant decrease in thermal accuracy and spatiaticsdia ensure accurate cali-

bration of thetemperaturenumbers from the remote sensor, frequémsitu measurements are re-

quired.

Remote sensing systems cdaw only the top few Wire WESDE S RN PP DIEPLAS
millimeters to centimeters of the water and thus, cali im0t £ oo s m=e on
not provide information on subsurface temperaturg
Making use of temperature remote sensing techniq
for coastal waters requires high resolution data beca
of the small spatial scale of the land and its adjoini
water masses. Many coastal areas are so calm tha
water surface maintains a constant temperature
months at a time, rendering thermal imagery of littl
use. Due to their low spatial resolution, the current S§
sensing satellites are of minimal utility for coastal af =
plications. Currently, AVHRR on TIROS and ATS
on ERS provide the data that is used predominan
for regional and ocean-basin SST determinations (F
ure 3). The ATSR provides a more accurate meas
ment, while the wider viewing swath of the AVHR
(2,580 km) provides more coverage. Sensors suc
OCTS on ADEOS (12 channels, 700 m resolution) al
the soon to be deployed MODIS on EOS (36 channels
at 250 m resolution) should improve available spatfgfure 3 52 surface temperature (14 km analysio),

. C g ulf of California, NOAA-14/NOAA/NESDIS, June 1996.
and spectral resolution significantly.




< Circulation (altimeters)

There are several physical reasons for the movement of water from one place to another, such as wind
stress, tides, and density discontinuity. Intense and/or lengthy windstorms crossing the surface of a
regional body of water can push large quantities of water away from one area and pile it up onto another,
such as a shore or embayment. In coastal areas—patrticularly in regions where the bottom shallows over
a very short distance and/or the entrance to an embayment narrows abruptly—the daily ebb and flow of
the tides can produce substantial changes in the elevation of the water across a short distance.

Several phenomena can cause water masses to have differing elevations from those around them. One of
the most consistent and significant is the gravitational attraction of seafloor mountains and canyons.
Undulations of local mass of the earth, and therefore differences in this gravitational pull, are referred to
as the earth’s geoid. The more massive mountains attract more water above them; canyons attract pro-
portionately less.

Altimeters in orbit provide high-precision (3] &
cm) information on the height of various wate e =% ety
masses and the earth’s geoid. The location ¢+ " &
motion of large-scale water masses, such | i L
Gulf Stream eddies or the Gulf of Mexico Loo cﬁ_g.ﬁ i
Current, can be visualized using satellite-bor IT .
altimeters (Figure 4). On a coastal scale, kno ;1
edge of the velocity and direction of parcels ¢

water known to contain toxic red tide -!"'r-*-" %'I'i'
e

el

blooms or hazardous materials (esgilled oil, [} 3
industrial waste) is essential to planning a"*. "
appropriate response. Additionally, data o = =
ocearxirculation is a significant component of
global climate programs.

)

Since they are active microwave instrumentd™* - —
which calculate the round trip time of a puls \. '
transmitted from a satellite in space, altimete
are usable in all weather conditions. With thﬁgure 4. Sea level height differences as determined from Topex
development of higher spatial resolution altimeitimeter data superimposed over AVHRR temperature image.
eters (presenﬂy one measurement every 25 kﬁqDative heights above and below mean are represented by line
and/or deployment of a Iarger constellation (lﬁﬂ@thle proportior{al to the magnituda of the water'eurfacc

. . elevation (to the right of satellite track) or depression (to the
instruments, remote sensing could be used [iﬁ! of satellite track), Gulf of Mexico, Topex/NOAA/NOS,
study coastal processes for resource assesSzmber 1993,

ments such as beach erosion, salt-marsh sub-

sidence, and barrier island expansion.




< Wave Height and Spectrum (altimeters and SAR)

Figure 5. Wave height, North Facific Ocean, Wave Model/
FNMOC, March 1996.

Wave height is dependent on the velocity of the wind,
the distance over which the wind blows (fetch), and
the length of time it blows. Wave direction, average
wave height and wave spectrum data are very use-
ful, both as inputs to predictive weather forecast
models and for real-time information about sea con-
ditions. Sea state is an important consideration when
planning any at-sea operations such as search-and-
rescue, response to hazardous material releases, ship
routing, oil drilling, and dredging. Satellite altim-
eters provide only limited wave height information
(Figure 5) due to poor spatial resolution (25 km).
These active microwave instruments derive wave
information from the shape of the reflected micro-
wave pulse transmitted from satellite to the water.
Thus, they will function in all weather.

<| Sea Surface Winds (scatterometers)

LE T A
0 & 1o 158 20 25 30 35 .

A

Figure 6. Wind speed, U.S. Northeast coast, ERS-1/
NOAA/NESDIS, June 1996.

Information about the velocity of coastal and ocean
winds is important in resource management. This is
especially true during response efforts to hazardous
materials releases, since disasters seldom happen in
ideal weather. Itis also useful in weather forecasting,
ship routing, and air-sea flux studies (Figure 6).

Winds transfer some energy to the surface layer of
the sea, causing ripples. The ripples can develop into
wavelets and waves in proportion to the direction and
magnitude of the wind. Scatterometers compare a mi-
crowave pulse transmitted from a satellite with the
waveform of the reflected pulse to extrapolate a wind
speed. They lack sufficient spatial resolution (7-50
km) to be of direct use in near shore coastal processes,
but they can provide warnings of surface wind con-
ditions that may be headed toward shore. Previous
generations of scatterometers were limited by a single-
side field of view. With the launch of ADEQOS, this
wind direction limitation should be minimized due
to its dual-sided viewing NSCAT instrument.




< Sealce (optical, infrared, microwave)

Nearly 12% of the world’s ocean is covered by sea ice, the properties of which can differ greatly from
both the land and the liquid water. Sea ice may be distinguished from the surrounding water by virtue of
its being more reflective, lower in temperature, and different in texture and salt content. Using these
properties, optical, thermal and especially microwave (because microwaves pass through clouds or fog
for all weather capabilities) remote sensing is employed for ice investigations.

The location, formation, melting, movement |

and thickness of ice in coastal waters are injg

portant to organizations conducting ocean (g
lake surface activities (disaster mitigation
transportation, fishing). The principal con-
cerns in ice observations are ice concentr
tion, thickness, and the locations of the edg
polynya (areas of open water), and open lea
(channels) (Figure 7). The areal extent of icf}
coverage is used for input to climate model:

Visible and infrared observing satellites (TIROS[FES
ASTR, GOES) can be used for moderate res|#
lution (1-4 km) data, but only under cloud-free
conditions. Passive (SSM/I) and active (SAR[ &%
microwave imagers can produce ice imageijs b
products in all weather, but are currently lim

ited by poor resolution (12-25 km) and narrovjgs:
swath widths, respectively. .

Figure 7. Sea ice (near infrared), Larsen Ice Shelf, Antarctica,
AVHRR/NSIDC, March 1995.

<{ Coastal Land Cover and Wetland Mapping (optical, infrared, microwave)

Habitat mapping and classification by means of remote sensing are performed by correlating a cluster of
numerical pixel values with verified features, such as vegetative cover, open water, tidal flats, inland
marshes, forested wetlands, or bare soil type. Multispectral sensors such as Landsat’s Thematic Mapper
(TM) and SPOT have been the traditional instruments of choice for these types of mapping projects
over relatively large areas (Figure 8) (e.g., estuarine sediment/dumping plumes, shallow-water bathym-
etry) because of the relatively high spatial (20-30 m) and radiometric resolution (eight bits), and be-
cause the visible spectral bands are co-registered with the infrared channels. These passive optical
instruments are unable to produce land/water imagery during cloudy weather.
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The Synthetic Aperture Radar (SAR) inJ
struments on ERS-1, JERS-1 andss
RADARSAT also show promise in pro- &
viding higher spatial resolution (10-30 m)
data for wetland mapping and classificaf
tion for fine scale coastal regions (Figurg
9). These instruments rely on reflecteq
microwave energy from the earth to pro
vide an image. Land and water boundf
aries appear in sharp contrast in SAH
imagery because the water tends to re
flect energy away from the sensors whil
rough textured land scatters transmittet
signals. Soil moisture and plant type pro
duce differential (gray shade) absorptiong
of the microwave energy providing
coastal surface habitat information in all
weather conditions.

‘ ol ]
Figure 9. Coastal SAR Image, Tromso Norway, January 1996.
RADARSAT data Canadian Space Agency 1996. Data received by the
Canada Centre for Remote Sensing. Frocessed and distributed by
RADARSAT International.
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Application

Table 1. Selected platformlaeneore and traditional coastal and ocean applications

Platform Sensor
Ocean
Color
ERS-1 & 2 AMI-SCATT, RA
RA
ATSR
SAR
GMS 4 & 5 VISSR
INSAT VHRR
GOES 7 VAS
VISSR
JERS-1 OPs
SAR
LANDSAT 4 &5 ™
METEOSAT 3-7 MVIRI
MOS-1b MESSR
VTIR
NOAA 9-14 AVHRR
HIRS
OKEAN-01 RLSBO
RM-0.8
RESOURCE-01 N2 & N3  MSU-E
MSU-SK
SPOT 1-3 HRV
TOPEX /POSEIDON ALT
SSALT
ERS-2 ATSR-2
GOES 9 K-M IMAGER
PRIRODA IKAR-N, R-400
IKARD, R-400
MOS
MSU-SK
SAR
RADARSAT SAR
SEASTAR SEAWIFS
SICH-1 MSU-M
MSU-S
RLSBO
RM-0.8
ADEOS AVNIR
NSCAT
OCTS
POLDER
NOAA K-M AMSU B

Sea Surface
Temperature

. . Wave
Circulation Heights

Surface
Winds

Sea Ice

Land
Cover/
Wetlands

1



Table 1 (cont.). Selected platform/sensors and traditional coastal and ocean applications

Platform Sensor Application
Land
%celan TSea Surf:lce Circulation I—‘IIV ?‘i\et S‘kllr.fa;e Sea Ice  Cover/
olor emperature eights inds Wetlands

NOAA K-N AMSU A
AVHRR/3
HIRS/3
OKEAN-0 MSU-M
MSU-S
MSU-SK
MSU-V
RLSBO
FY-2 VIS & IR
SICH-2 RLSBO
SAR
SICH-3 Smr
SPOT 4 HRVIR
VEG
ENVISAT-1 AATSR
ASAR
DORIS
MERIS
RA-2
EOS-AM1 ASTER
MODIS
EOS-COLOR OCEAN COLOR
FY-1C VIS & IR
LANDSAT 7 ETM+
ADEOS II AMSR
GLI
POLDER
SEA WINDS
EOS-ALT DORIS
SSALT
FY-1D MS VIS & IR
MSG SEVIRI
EOS-PM AIRS
AMSU
MIMR
MODIS
SPOT 5 HRG
VEG

12



tionships between remote sensing and five repre-
sentative examples of issues facing coastal man-
agers: (1) environmental monitoring; (2) resource

Relation 5'1 i P 'I;o inventory and mapping; (3) damage assessment; (4)

protected area management; and (5) coastal haz-

Coa stal Resou rce ards. It includes a discussion of limitations of cur-

rent remote sensing systems as well as key, soon-

to-be-launched satellites which should provide a
Management plethora of datasets with spectral, spatial, and ra-
diometric resolutions to be of direct value to the
coastal resource manager.

5 This section describes existing and potential rela-

A Environmental Monitoring

Coastal environmental monitoring includes a wide variety of activities directed toward understanding
the status and trends of environmental quality. Examples of measured properties include: water tem-
perature, salinity, sediment loading, rainfall, water quality, and the presence/absence/ health of plants
and animals. Monitoring is conducted in many different ways depending, in part, on the parameter(s)
being measured, the monitoring objective, and the resources available to conduct the work.

Remote sensing can, under certain conditions, contribute to environmental monitoring by allowing
managers to obtain repetitive, nonintrusive, synoptic data for some parameters across broad spatial and
temporal domains. With respect to water quality, certain sensors can provide managers with data on
water temperature, clarity, circulation, depth, and productivity. Multi-spectral sensors on satellites such
as Landsat-MSS, Landsat-TM, SPOT-HRV, and ADEOS-OCTS are already providing quantitative in-
formation on water color that can be applied to investigations of sediment plumes and transport, algal
blooms, and point sources of pollution.

Point sources of pollution are typically detected by recognizing characteristic surface patterns within
the water body rather than by a simple analysis for anomalous spectral properties. Pollution detection is
more difficult if it has had time to disperse over a large area, or when it does not emanate from a
concentrated point source. In such cases, remote sensing can be used to quantitatively compare spectral
properties of similar, unpolluted water from elsewhere, or to evaluate images of the same area that
predate the pollution event(s). Both methods are constrained by the high natural variability of the
coastal environment. Thermal sensor bands, such as AVHRR on the TIROS satellite series can provide
data on water temperature that can help track large (greater than 5 km) coastal upwellings, river outflow,
and major coastal currents. Presently, there are substantial limitations in the availability of high spatial
resolution, multi-spectral and thermal satellite image data. With the near-term expectation for the launch
of high resolution satellites including Earlybird/Quickbird (3-15 m, due in 1997-98), Lewis/Clark (3-30

m due in 1997), and EROS (1.8-11.5 m due in 1997) many of these problems should be overcome.
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<ﬂ Coastal Management In the U.S.

The U.S. has extensive coastal boundaries wit